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SUMMARY

Chromatographic analyses of phospholipids in tissue and plasma of rats
exposed to lethal levels of ionizing radiation or acceleration stress
yielded a consistent pattern of increased concentrations of phosphatidyl
glycerol. Extension of the studies to humans stressed by acceleration to
grayout, sleep deprivation, schizophrenia, combat, etc., revealed that all
stresses were accompanied by significant increments in plasma phosphatidyl
glycerol, Moreover, the stressed populations could be distinguished from
cach other when the changes in phosphatidyl glycerol were related to con-
comitant variations in seven other phospholipids. Using a statistical
method involving discriminant function analysis, a function Z was obtained
which represented the summation of the log of each individual phospholipid
concentration times a distributive constant. With this analysis the phos-
pholipid distribution separated normal, combat, and schizophrenic populations
into three distinct groups,

In animal experiments, it was found that hypophysectomy, which markedly
enhanced the tolerance of the rat to acceleration stress, abolished the
plasma changes of acceleration and caused a two-fold increase in the brain
level of phosphatidyl glycerol after exposure to acceleration. The results
from human and animal experiments are interpreted *o indicate that some
center of the brain can interpret certain sensory inputs as threats to sur-
vival and reacts by mobilizing biochemical factors at a molecular level to
meet this threat and enhance survival. 1In all the stresses studied, with
the exception of schizophrenia, the individuals returned to normal levels
with rest. The maintenance of this '"locked stress'" pattern in the schizo-
phrenic and the reversible plasma phospholipid changes in the other physical
and psychic stresses in human, coupled with the tissue phospholipid changes
in rat, offer an approach to the cerebral control factors operative in the
blochemistry of environmental and pathological stress.

ii



TABLE OF CONTENTS

Page
SUMMARY = = = o m e e e e e e e e e el ii
INTRODUCTION  ~ - m e m e o e e e e e e e e e 1
METHODOLOGY === m e m e e e e e e e e e e e e e 2
A, Chemical c---ommm o e e e 2
B. Stress Procedures -------mom oo 3
1. Animal Studies --cecmmm e el 3
2. Human Studies -=--mm oo e - 4
RESULTS === === = == m e e e o e e e et m e 6
A. Correlation of Tissue and Plasma Changes in X-irradiated
and Acceleration Stressed Rats --------coommmmmcmm . 6
B. Pituitary Control of Plasma Phosphatidyl Glycerol Levels
of the Acceleration Stressed Rats ------------cco——__ 6
C. Effect of Stress on Human Plasma Phospholipids ------------ 8
DISCUSSION = cmm e e m e e e e e e 24
REFERENCES = = = = = o = o o e e e e e e 27
APPENDIX A -om oo oo oo e m oo A-1
LIST OF FIGURES
Figure Title Page
¢
1 Plasma phosphatidyl glycerol levels in human subjects
before and after acceleration to grayout. Solid bars
are the individual control levels. Cross hatched bars
are the increases after acceleration. -----------—---«-—-——-—- 10
2 Duration of changes in plasma phospholipids after accel-
eration to grayout. Concentration changes immediately
after and three hours after stress for the three phcspho-
lipids are significant at the 5 per cent level of confi-
dence or better., Differences between control and recovery
levels are not significant., ------------c--mwmmmmmmm o~ 12

iii

Teeeeere

.



Figure

687

Table

| Y

Comparative effects on plasma phospholipids of diurnal
variation and acceleration stress on 17 human subjects.
1) fasting 8:00, 2) after breakfast 9:30, 3) after

lunch 13:00, 4) end of work day 15:30, 5) after break-
fast on the following day, 6) immediately after accel-

eration on following day. See text for significance.-----

Differentiation of normal and stressed populations by

three plasma phospholipids. ------cccommmmmcm el

Differentiations of stress in humans from patterns of

seven normalized significant plasma phospholipids. -------

Plots of the adjusted Z indices for individuals under
normal and stressed states. In Figure 6, Zj separates
normals from schizophrenic subjects and pilots in com-
bat; and Z, separates the pilots in combat from schizo-
phrenic subjects. The individual points which are mis-
classified are encircled. In Figure 7, Z; separates
normal and convalescent children from mentally retarded
children; Z2 shows no significant differentiation be-
tween the normal subjects and the convalescent child-
ren by discriminant function analysis of the phospho-
lipid data. Essentially the diagrams represent a two-
dimensional projection of eight reference planes of
phospholipid concentrations and cortisol concentrations
which characterize the individuals as well as the popu-

lations in terms of their reactions to stress. -----------

LIST OF TABLES
Title

The effect of acceleration or irradiation on plasma and
tissue phospholipid levels of normal and hypophysecto-

mized rats. ------- - oo e

Stress induced changes in human plasma phospholipids. ----

Diurnal variations of plasma phospholipids in normal

SUDJeCtS . —m o m oo e

F ratios for selected two-stress comparisons. ------------

iv

Page

14

16

18

21, 22, 23

Page

aspt s






INTRODUCTION

Acting on the precept that answers to the problems generated by environ-
mental and pathological stress might be found in the mechanisms of biological
energy control and utilization, and predicating the approach on the premise
that common bioenergetic parameters were operative in stresses of diverse
etiology, a molecular probe was sought to reveal pertinent energetic and
regulatory pathways.

Experiments with isolated particulate enzyme systems concerned with
oxidative metabolism and cellular energy utilization revealed unusually fast
turnover rates in the membranous lipid-containing sub-structures involved in
the transfer of "group potential energy'" (1). The identification of one of
these molecules as phosphatidyl glycerol was accompanied by the finding of a
marked increase in content and a decrease in turnover of this phospholipid
in the first twenty-four hours after exposure to lethal levels of ionizing
radiation (1).

Following the radiation study, the experimental work was extended to
another physiological stress to determine whether the changes observed were
specific for ionizing radiation or were the result of a more general molecular
response to stress. To contrast with the relatively long-term effects of
ionizing radiation, a short anoxic and fatigue stress like acceleration was
chosen. Since hypophysectomy markedly enhanced the tolerance of the rat to
acceleration (2), the effect of this surgical procedure on the phospholipid
pattern before and after acceleration also was investigated. In addition,
the phospholipid analyses which previously were limited to liver were ex-
tended to include brain and plasma.

With the phospholipid changes in tissue and plasma of the stressed rat
as a prologue, attention was directed to the changes that occurred in
stressed humans. For obvious reasons plasma was the sole tissue investigated.
The effect of physical stress on plasma phospholipids in humans was first
investigated in young Navy personnel exposed to acceleration, The indications
of psychic factors operating during the control period prior to acceleration
led to an investigation of extreme psychic stress. For this study hospital-
ized chronic schizophrenic patients were used. As an example of the effects
of fatigue, the study was extended to sleep-deprived subjects. Following
these studies, the effect of combat stress, which represented a complex in-
teraction of physical, fatigue, and psychic factors, was investigated. An-
imal experimentation suggested that cerebral control factors may be involved
in the plasma phospholipid patterns. Therefore, a group of children with
recognized brain injury resulting in mental retardation was investigated and
compared to a similar age group of mentally normal but hospitalized conva-
lescent children.




METHODOLOGY

A. Chemical

The analyses of the individual phospholipids were carried out essen-
tially by the method of Dawson et al. (3). The blood samples were centri-
fuged immediately and the plasma frozen and stored or, when possible, ex-
tracted immediately in 20 volumes of chloroform-methanol (2:1 v/v). No
significant changes in the phospholipids analyzed were observed during the
freezing and storage. Tissues were weighed and homogenized in 50 volumes
of chloroform-methanol (2:1 v/v) per gram wet weight of tissue. Under
these conditions the lipids were reproducibly extracted from the homogenates
within 24 to 48 hours at room temperature in the dark. The protein pre-
cipitate was filtered off on sintered glass crucibles and dried in-vacuo to
constant weight at room temperature. The filtrate was evaporated to dryness
in-vacuo at 35°C and then dissolved in chloroform-methanol-water (60:30:4.5
v/v) using 5 ml of solvent per gram wet weight of original protein. This
solution was passed through a 6 mm inner diameter column containing 2 grams
Sephadex-G-25 for the removal of non-lipid water soluble phosphate com-
pounds (4) and then was eluted with 8 ml of chloroform-methanol (2:1 v/v).
The total eluate was evaporated to dryness under a stream of nitrogen at
30°C and the residue dissolved in 25 ml of chloroform. After an aliquot
was taken for the determination of total lipid phosphorus, the chloroform
solution of phospholipids was applied to a column containing 5 g silicic
acid and the column was washed with 150 ml of chloroform to remove non-
phospholipid material like cholesterol, cholesterol esters, free fatty acids,
and tri-glycerides. The adsorbed phospholipids were eluted with methanol
(150 m1). An aliquot of the phospholipid extract containing about 100-500 ng
of lipid phosphorus was evaporated to dryness in a nitrogen stream and sub-
jected to mild alkaline hydrolysis with .03 N NaOH in methanol for 20 minutes
at 37°C. The hydrolysate was neutralized with an amount of ethylformate
equivalent to the NaOH and again evaporated to dryness in a nitrogen stream.
The residue was distributed between one volume of water and two volumes
isobutanol-chloroform (1:2 v/v) and the two phases separated by centrifu-
gation. An aliquot of the deacylated '"alkali labile" phospholipids contained
in the water phase was spotted on Whatman #3 paper and the glycerol phosphate
components separated first by descending chromatography in phenol saturated
with water-acetic acid-ethanol (50:5:6 v/v). After development for 16 hours,
the solvents were removed and resolution in the second dimension was accom-
plished by high voltage ionophoresis in a buffer solution of pyridine-acetic
acid-water (1:10:89 v/v) at pH 3.6 using a current of 100 to 125 ma at
2000 V for 1 1/2 hours. The chromatograms were sprayed with ninhydrin reagent
to locate amino lipids and afterwards with acid molybdate (5) to determine
the phosphorus compounds. Choline-containing compounds were detected with
Dragendorff's reagent when necessary. Analyses of the alkali stable phospho-
lipids (plasmalogen, sphingomyelin, alkyl ethers) contained in the chloroform




layer of the phase distribution of the hydrolysates were carried out exactly
as described by Dawson et al. (3). The individual spots obtained by the
two-dimensional chromatography were identified from the Rfs found with de-
acylated purified standards. Quantitation of the individual phospholipids
was accomplished by digestion of the stained spots with 72% v/v perchloric
acid and subsequent determination of the inorganic phosphorus (6).

In the course of the chromatographic analysis of phospholipids by Daw-
son's procedure, it was found by Schwartz et al. (1) that, although most of
the phosphatidyl glycerol was deacylated to a-glycerylphosphoryl glycerol,

a small fraction was hydrolyzed to an isomer of a-glycerylphosphoryl glycerol
which did not separate with the techniques used from a-glycerophosphate
derived from phosphatidic acid. This was made evident by the glycerol-to-
phosphorus ratio of 1.88 to 1.0 instead of 1 to 1 that would have been ex-
pected from phosphatidic acid. In the data described, phosphatidic acid
therefore is not pure per se and represents a mixture of phosphatidic acid
and an isomeric form of phosphatidyl glycerol, Since no distinction can be
made between the level of this isomer that occurs naturally and that which
may be formed by the deacylation procedure, no adequate corrections can be
applied. This fraction is then labelled as '""Phosphatidic Acid'" because it
migrates with a-glycerophosphate, even though a major fraction of this com-
ponent is phosphatidyl glycerol isomer. Approximately 6% of the large leci-
thin fraction and 40% of the phosphatidyl inositide are converted to cyclic
glycerophosphoric acid during hydrolysis (3). Adequate corrections for
these changes were made.

B. Stress Procedures
1. Animal Studies

X-ray irradiation experiments were carried out as described previously
(1).. Female albino Wistar rats, weighing approximately 200 grams, were
kept on a balanced diet ad libitum. Tood was withdrawn the night before
the experiment and groups of three rats were placed in thin-walled plastic
containers and exposed to a single 3000 r whole body dose of X-rays from a
Willard-Westinghouse machine at 200 kw and 20 mA, using 1 mm aluminum and
0.5 mm copper filters. Twenty-four hours later blood was drawn from the
hearts of the irradiated and control rats and the livers were removed for
analysis.

Phospholipid changes in acceleration stress werc evaluated in Sprague-
Dawley rats (250 g) accelerated at 20 G on an eight-foot centrifuge. Each
animal was restrained in a wire cage mounted with the long axis of the body
parallel to the radius of the centrifuge and the head facing the center
(positive or +Gz acceleration). The endpoint of tolerance to the acceler-
ation stress was monitored by the ECG obtained with suture clip electrodes
inserted in the skin at the chest and back and recorded through trans stor-
ized amplifiers (2, 7). At the termination of the run, the animal was killed
by cervical dislocation, blood was obtained by cardiac puncture and the
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brain and liver were removed and homogenized in chloroform-methanol (2:1 v/v).
For controls, the animals were restrained and subjected to sham runs for

time periods equivalent to the duration of the acceleration runs. These
showed insignificant changes in phospholipid distribution when compared to
unrestrained normal animal controls,

Pilot studies on the sampling procedures showed that the lowest con-
sistent values of phospholipids in plasma were obtained when the animals
were killed by cervical dislocation followed immediately by heart puncture,
Even though the sampling technique may have introduced some element of
uncertainty about the normal levels of the phospholipids analyzed, the dif-
ferences between control and stressed animals are those superimposed on the
manipulative stress of sampling and may be considered in this light with
the stated reservations.

2. Human Studies
(a) Acceleration Stress

Acceleration experiments were carried out on the 50-foot radius dynamic
flight simulator of the Naval Air Development Center at Warminster, Penn-
sylvania. This unique centrifuge for humans and its computer control system
were operated by the Dynamic Simulation Division headed by R. Crosbie (8)
and associates, P. Edwards and M. Freed. Navy volunteers, 20-35 years of
age, were exposed to acceleration in the Gz position (head-to-foot) for 10-
second intervals starting at 3.0 G and increasing by 0.5 G increments for
successive 10-second runs to a maximum of 5.0 G, during which time the sub-
jects suffered peripheral light loss and signaled the experience of grayout
or blackout. At this point the individual experiment was terminated. Blood
samples were drawn from the cubital vein before and immediately after the
acceleration,

Subsequently, a time study of the phospholipid levels in blood during
the 24 hours following the acceleration procedure was carried out. In this
study, blood samples were drawn before acceleration, immediately after accel-
eration, three hours and twenty-four hours later. These experiments were
complemented by a similar study of the diurnal variation in phospholipid
levels during the course of an average work day. Here, samples were drawn
before breakfast (8:00 a.m.) after breakfast (9:30 a.m.), after lunch (1:00
p.m.), and at the end of the work day (3:30 p.m.). All these studies were
conducted under the medical supervision of Drs. R, Patton and R. Oleynik of
the U.S. Navy after a preliminary study on the biochemical effects of accel-
eration stress on four subjects was carried out with Dr. E. York, M.C.,
U.S.N. (9).

(b) Schizophrenia

As an example of extreme psychic stress, 20 patients from the New Jersey
Neuropsychiatric Institute were studied. These subjects, designated as
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RAd



long-term chronic schizophrenics, so called '"back-ward'" patients, were
selected by Dr. Joseph Noval of that t

werce obtained between 8 and 9 a.m. before breakfast. These patients were
part of a study on the effects of various drugs on schizophrenia., The
blood samples for phospholipid analysis were collected during a 'washout"
period of 4 weeks between the different drug trials. Cortisol and corti-
costerone analyses were determined by Drs. J, Noval and T. Post on the
plasma from the schizophrenic and other stress studies. These findings
will be reported by them elsewherc.

nstitute. The blood plasma samples

e

yaasma sampic
k I

(¢) Sleep Deprivation

For the condition of mental and physical fatigue, blood samples were
obtained from a study of sleep deprivation on 7 male Navy personnel, 25-35
vears old, conducted by Drs. R. Squires and R. Oleynik who were investigating
elcctroencephalographic changes induced by this stress. This work and
possible correlations between the electroencephalographic changes and the
biochemical data will be reported separately by them; here we detail the
plasma biochemical changes resulting from the stress. In this study, blood
samples were collected at 3 p.m. of a control day starting at 6 a.m. After
sleep deprivation for 33 hours the blood was sampled again at 3 p.m. A re-
covery blood specimen was obtained after 24 or 48 hours of rest, again at
3 p.m. There were no dietary restrictions during this study.

(d) Combat Stress

The blood samples from military personnel in combat were supplied by
Captain Frank H. Austin, Jr., M.C., U.S.N., who headed a multidisciplinary
group from Navy, Air Force, and NASA to investigate psychophysiological
factors relating to acute and cumulative fatigue of naval aviators. Blood
samples werc obtained from aviators from an attack aircraft carrier operat-
ing against heavily defended targets in North Viet Nam. This occurred near
the end of the Air Wing's second combat cruise and the termination of a
7-month deployment. The sampling was from 27 aviators during the 86th
through the 108th day of line combat operation. Since sampling was neces-
sarily made on a volunteer and non-interference basis, there were no re-
strictions on diet and the time of collection varied throughout the day.
All bloods were drawn after carrier landing and debriefing from the combat
mission. Complectc details of this psychophysiological study are reported
elsewhere (10).

(e) Mentally Retarded and Convalescent Children

For comparison with the results of the previous studies, a group of
mentally retarded children with "permanent brain damage" produced, presump-
tively, by episodes of anoxia during birth, is included. Thesc children,
varying in age from 1 1/2 to 17 years, were selected by Dr. L. Green,

Since the age g}oup differed significantly from the normal series, an
additional control group of convalescent children was obtained by Dr. C.
Kennedy. These ranged in age from 10 months to 15 years.



RESULTS

A. Correlation of Tissue and Plasma Changes in X-irradiated and Acceler-
ation Stressed Rats

Of the 19 phospholipid species that were analyzed in blood plasma,
liver, and brain of control and stressed rats, the dominant and most inter-
esting changes were observed with phosphatidyl glycerol. The data listed
in Table I emphasizes the similarities in content and direction of phospha-
tidyl glycerol change induced, both in plasma and tissue, by two unrelated
stresses. For purposes of comparison, the concentration levels of phospha-
tidyl glycerol are listed as the per cent of the total phospholipid. The
total phospholipids are listed in uM of 1lipid phosphorus per liter of plasma
or per gram of dry weight of tissue. It may be emphasized that while the
changes in total phospholipids are in the order of 10-30 per cent and, with
the exception of the variation caused by X-ray, are not significant, the
stress-induced changes in phosphatidyl glycerol are in the order of 100-300
per cent and are markedly significant.

In agreement with the data presented by Entenman et al. (11), X-ray
irradiation caused a significant elevation of total lipid phosphorus of
blcod plasma but no significant change in liver. Acceleration stress on
the other hand caused no significant increase in the total phospholipid of
the plasma, brain, or liver. However, a significant increase in the levels
of phosphatidyl glycerol took place in plasma and liver after acceleration
and after X-irradiation. Thus, a striking similarity of effects is found
in plasma and liver, irrespective of the nature of the stress.

B. Pituitary Control of Plasma Phosphatidyl Glycerol Levels of Acceler-
ation Stressed Rats

The procedure of hypophysectomy per se causes no significant changes
in the plasma phospholipid pattern of unstressed rats. Some exceptional
effects, however, were found in the phosphatidyl glycerol changes of the
hypophysectomized rat after acceleration. These effects were:

1. The phosphatidyl glycerol changes induced by acceleration stress
in the plasma of normal rats did not occur.

2. A significant increase in phosphatidyl glycerol content of the
hypophysectomized rat brain did occur.

The stress induced variations in liver remained unaffected by hypophysectomy.

Recalling that hypophysectomy increased the tolerance of rats to accel-
eration stress (2) to the degree that they survived for a mean time of 40
minutes at 20 G compared to 9 minutes for the normal controls, then the
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failure to find an increase in plasma phosphatidyl glycerol in accelerated

hypophysectomized rats might be attributed to an increased utilization of

this phospholipid during the prolonged acceleration stress. Alternatively,

since the brain content of this phospholipid increased after acceleration -
only in hypophysectomized animals, while the liver content of phosphatidyl

glycerol became elevated in both normal and hypophysectomized rats, it might

be inferred that the plasma level increments of phosphatidyl glycerol in ;o
stressed unoperated rats came from the brain and was influenced by the pitu- ‘
itary. Irrespective of the validity of either hypothesis, it is apparent

that the pituitary is involved in the plasma concentration of phosphatidyl

glycerol and that directly or indirectly the molecule reflects the action

of regulatory factors intimately involved in the tolerance to stress.

C. Effect of Stress on Human Plasma Phospholipids

The effect of acceleration stress on plasma phospholipids of 24 subjects
compared to 32 normal controls are shown in Table II (See Appendix A for full
data). While no significant change was observed in the total phospholipid
levels, marked increments in the levels of phosphatidyl glycerol, 'phospha-
tidic acid,'" and phosphatidyl ethanolamine were found that differed signif-
icantly from the control at the 1 per cent level of confidence or less. A
decrement in cardiolipin, significant at the 5 per cent level of confidence,
also was observed. Of the five phospholipid components changing signifi-
cantly after acceleration the most dramatic increase occurred with phospha-
tidyl glycerol. In view of the comparable tissue and plasma changes of
this compound found in accelerated rats, a more detailed investigation of
factors affecting this phospholipid in humans was undertaken.

S

In Figure 1, the bar graphs show the increases in phosphatidyl glycerol
that occur in each subject exposed to the acceleration stress. In eyery
subject there is a significant rise in the level of phosphatidyl glycerol.
It is apparent that the control levels of phosphatidyl glycerol vary consid-
erably between individual subjects. In general, it was found that those
subjects who reported anxiety over the proposed experiment or over unrelated
emotional problems, usually ran levels of phosphatidyl glycerol which were
significantly above the average range. Nonetheless, acceleration superim-
posed increments over and above these initial levels.

Any attempt to correlate variations in the concentration of individual
phospholipids with etiological factors like stress is complicated by the
undefined origin of the changes. These may be the result of the action of
factors specific for the individual phospholipids or may represent a non-
specific change reflecting primarily a variation in the total phospholipid
level. This uncertainty becomes especially pertinent in the comparison of
human populations, uncontrolled with respect to nutritional variables, as
well as other unrecognized factors. Some discrimination of the controlling
mechanisms may be achieved by comparing the individual phospholipid changes
as a per cent of the total phospholipid, as well as on an absolute concen-
tration basis. Thus, a rise in total phospholipids with no change in the
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Plasma phosphatidyl glycerol levels in human subjects before and after acceleration to grayout.
eration.

Figure 1.
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percentage composition of the individual phospholipids obviously implies a
different mechanism from that operative when the percentage of the indivi-
dual phospholipids vary in the face of constant or changing total phospho-
lipid levels. In the stresses examined, the latter condition usually pre-
vailed. : .

The acceleration stress lasted in the order of seconds and a maximum
lapse of 10 to 15 minutes took place between the beginning of the acceler-
ation and the final sampling time., The possibility that the changes ob-
served were related to nutritional factors, obviously, is remote for this
particular stress. However, any consideration of the time required for
the reversion of the stressed levels of plasma phospholipids to normal
might be complicated by phospholipid changes after eating. This was inves-
tigated over a 24-hour period in a smaller group of six subjects. The
findings are summarized in Figure 2 which portrays the variations in the
phospholipids that showed the greatest changes throughout the day. Thus,
it is apparent that the stress-induced increments of phosphatidyl glycerol
and phosphatidic acid and the decrement in cardiolipin are maintained nearly
3 hours after acceleration, but return to normal levels within 24 hours.

This prolonged maintenance of elevated phospholipid levels in the face of the
abrupt increase immediately after acceleration suggested the possibility that
other factors superimposed their effects onto the effects of acceleration
stress. The validity of this postulate became manifest from analyses of the
diurnal variations of the plasma phospholipids observed in a volunteer group
of 17 subjects on one work day, followed by an acceleration run on the next
day. While there is little significant variation in the total phospholipid,
(Table III), there is a cyclical variation in other phospholipids throughout
the day which show a trough about 9:30 a.m. and a peak in the mid-afternoon.
This is illustrated by the bar graphs shown in Figure 3 which plots the con-
centration of cardiolipin, phosphatidic acid, and phosphatidyl glycerol as
the per cent of total phospholipid in the plasma samples taken at 8:00 a.m.
(fasting), 9:30 a.m. (after breakfast), 1:00 p.m. (after lunch) and at 3:30
p.m. (at the end of the work day). The following morning a control plasma
sample, drawn after breakfast, confirmed the results of the previous day.
When acceleration stress was introduced, it superimposed its effect on the
normal cycle so that the changes characteristic for the stress became evident.
Thus, the increase found with phosphatidyl glycerol exceeded by far the var-
iability during the day. It would appear, then, that the high level of phos-
phatidyl glycerol obtained immediately after acceleration is a function of
the stress per se. The gradual increase in phosphatidyl glycerol between

9 a.m. and 3 p.m. offers a plausible explanation for the sustained high
levels for periods of three hours after the initial stress.

The control levels of phosphatidyl glycerol were considerably elevated
in the population described in Figure 3 compared to that of the population
in Figure 2. Apart from possible unrecognized factors, the major difference
between these two groups was that the first group was trained and experienced
in the use of the dynamic flight simulator and was accustomed to blood sam-
pling, while the latter group were volunteers who were completely inexper-
ienced and were irritated by the repeated blood sampling.

11
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TABLE III

DIURNAL VARIATIONS OF PLASMA PHOSPHOLIPIDS

IN NORMAL SUBJECTS

Number of Subjects 17 17 16 16
After After End of
Fasting Breakfast Lunch Work Day
Time 8:00 9:30 13:00 15:30
Phospholipid yM P/liter plasma
Total Lipid Phosphorus 2135 *80.0| 2258 +87.5 | 2169 79,0 | 2424:103.0
Phosphatidyl Choline 1402 :64.0] 1532 :69.0 1390 :57.0 1540 :74.0
| Phosphatidyl Ethanolamine 44 £ 3.4| 56t 3,5 51 ¢ 3.4 58 + 2.3
Phosphatidyl Serine 22 * 2,0 19 * 1.4 ¢ 24 + 1,9 0 * 2,2
Cardiolipin "4t 1.6 271,91 *36: 2,6 38 + 2,2
Phosphatidic Acid 13 * 0.8 13 + 1.3 | 18 + 1,8 19 =+ 1.8
Phosphatidyl Glycerol 29 * 1.9 26 * 2.1 32 + 1.8 37 + 2.2
Phosphatidyl Inositide 95 * 5.6 90 * 7.0 | 113 * 9,1 | ™18 * 6.9
Cyclic Glycerophosphoric Acid 07 * 5.8 85 * 4.9 104 * 6.4 109 *+ 7,0
Inorganic Phosphate 15 * 1,7 15 * 1.3 17 * 1.3 20 t 1.8
Choline Plasmalogen 36 * 1.7 32 * 2.3 40 * 2.8 42 * 2,2
Ethanolamine Plasmalogen 17 + 0.9 15 + 1.4 18 + 1,2 19 =+ 1.3
Serine Plasmalogen 12 + 0.8 12 £+ 1.0 13 = 0.9 12 + 0.8
Sphingomyelin 293 £15.7 | 321 £17.9 286 t14,6 352 :18.9
__ Alkyl Ethers 47 + 2.3 61 + 6.2 49 + 4.5 60 + 5.0

Data represent the mean :

S.E. for each phospholipid.

Indications of statistical significance as in Table II.
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This inference, tha mo Te ue

ence, that e 1 stress may influence the plasma levels
of phosphatidyl glycerol, led to the investigation of the phospholipid com-
position in the plasma of patients with the diagnosis of chronic schizophrenia,
The data from twenty patients listed in Table II reveals changes in phospha-
tidyl glycerol, "phosphatidic acid" and phosphatidyl ethanolamine similar to
those obtained after acceleration. The two stressed conditions differed in
the quantitative levels of these phospholipids and in the additional eleva-
tions in cardiolipin, phosphatidyl serine, and choline plasmalogen found in
schizophrenia. In contrast to the results after acceleration, the concen-
tration change of individual phospholipid species in schizophrenia plasma
was accompanied by a significant increase in total plasma phospholipid.
Comparison of the individual plasma phospholipids in schizophrenia with
normal and acceleration plasma phospholipids, after normalizing the data in
terms of the per cent of total phospholipid, again revealed significant in-
crements for phosphatidyl glycerol, "phosphatidic acid," phosphatidyl etha-
nolamine, and phosphatidyl serine, but the changes in cardiolipin and choline
plasmalogen became non-significant and obviously were related primarily to
the increase in total phospholipid. It appears, then, that in schizophrenia,
as in other stressed conditions, the variations of the individual phospho-
lipids reflect the action of regulatory factors which is superimposed on the
mechanism controlling the level of the total phospholipid. R

For comparison and contrast with the effects of a physical stress like
acceleration and a psychic disturbance like schizophrenia, the effect of
sleep deprivation, which involves gradual physical and psychic fatigue, was
studied. In sleep deprivation, as in acceleration stress, there are sig-
nificant increments in phosphatidyl glycerol and '"phosphatidic acid" and a
decrement in cardiolipin with no change in the total phospholipid. The
difference in plasma phospholipids found in sleep depriyation and those
found in acceleration or schizophrenia, apart from quantitatiye differences,
emanates from the maintenance of normal levels of phosphatidyl ethanolamine
and phosphatidyl serine. The phospholipids reported in sleep depriyatign .
were obtained from plasma samples collected at 3 p.m. and represent variations
from control levels observed in the same subject 24 hours before the stress
and 24 or 48 hours after the stress. These "before stress'"and "after re-
covery from stress'" levels were not included in the table since they did
not differ significantly from the normal group.

An unusual example of physical and psychic stress which inyolves
""threats to survival" is obtained in the data from naval ayiators flying
combat missions in Viet Nam. The information obtained is especially inter-
esting since the stress changes observed occur in a population highly selected
and specially trained to function within the framework of the stresses endured.
Of the 27 aviators whose plasma was sampled during various phases of their
tour of duty, the data on 16 studied during the final days of the line combat
operation are presented in Table II. This covers the period when they were
subjected to the most severe combat missions, and represents the cumulative
effects of repeated exposures to combat stress. The results are striking in
that qualitatively they resemble the data obtained with the schizophrenic
population, |
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Figure 4. Differentiation of normal and stressed populations by three
plasma phospholipids.
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Although the similarities of the plasma phospholipid responsc to
stresses with diverse etiologies was by now evident, the data, if it were
to be really useful, also should provide some information for possible dis-
crimination of the degree or nature of the stress sustained.. In all the
physical and psychic stresses, the one common molecular correlate was the
marked increase of phosphatidyl glycerol. It was also evident that various
other phospholipids become involved in different degrees, depending on the
stress. It seemed then that some differential indication of stress eti-
ology might be achieved from the qualitative and quantitative changes 1in
the plasma phospholipids. As a first approach to the characterization of a
stress from the biochemical interrelationships of molecular changes, the
means plus or minus two standard errors for the three components, phospha-
tidyl glycerol, "phosphatidic acid," and phosphatidyl ethanolamine, were
plotted on a three-dimensional graph (Figure 4). These are represented as
intersecting planes which sweep out a volume characteristic of the phospho-
lipid distribution in a given state. In order to portray the statistical
nature of these plots and because of the difficulty of constructing normal
distribution curves in three dimensions, the first standard error of the
mean is represented by the intersecting planes and the sccond standard error
by a single line projection. It is readily seen that the dominating factor
in acceleration stress is the great increase ir phosphatidyl glycerol.
Sleep deprivation is distinguished from acceleration stress by the changes
in "phosphatidic acid." Both schizophrenia and combat flight populations
are separated from normal, acceleration, or sleep deprivation groups by
the significant increments in phosphatidyl ethanolamine. Although there is
some overlap, there is also an apparent significant differentiation of the
combat group from the schizophrenia group by virtue of quantitative differ-
ences in '"phosphatidic acid.'" It is to be emphasized that the separations
obtained by this treatment rcprescent a difference in the mean levels of
populations rather than one of individual significance.

In the graphical analysis just described, it was possible to attain a
measure of discrimination between the normal and stressed populations with
three phospholipids. These restrictions were defined by the limitation of
graphical visualization to three dimensions. But at least seven of the in-
dividual phospholipids analyzed vary significantly with one or another of
the stresses considered. If, instcad of three reference planes, seven or

more dimensions were used, a finer discrimination between the various stresses

might be achieved. This multidimensional relationship between the stress
etiology and the concentration changes of the plasma phospholipids can be
visualized in two dimensions as a spectrum of phospholipid concentration

"potentials." These are calculated as the natural log of the ratio of the
concentration of each phospholipid to the concentration of the equivalent
phospholipid control. The latter concentration (Cnhrmal) 1s obtained trom

the mean loge value of the given phospholipid from a 1?rge group of normal
subjects. The result is a pattern of values of loge [‘strcss/tnormulj, at
least Toughly related to a diffcrence in phospholipid chemical potentials

between normal and stress states that "fingerprints'" the individual reaction

to a stress. In Figure 5 the height of each vertical line represents the
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mean loge [Lstress/tnormall tfor each of seven phospholipids in the stressed
population. The dotted horizontal lines define the range for plus or minus
two standard errors of the mean in normal subjects. In the first diagram

(a) where a group of convalescent children is compared against young normal
adults | the concentration changes are within the error of measurements and

no significant difference s manifest. It is seen then that the spectrum

of phiuspholipid "potentials" for a normal individual should approximate a
straight line with a height = 0. In sequential order there are listed then
patterns for populations subjected to acceleration stress (h), or suffering
from schizophrenia (c), exposed to sleep deprivation (d), after combat stress
(¢) and mentally retarded children (f). Various physical or psychic stresses
then are readily associated with a characteristic pattern of changes in
phospholipid concentrations.

The two preceding graphical methods of classifying stress from biochem-
ical correlates have an empirical simplicity that show the feasibility of
associating physical and psychic stress in the human with molecular changes
in the plasma. Substantiation of the findings, however, requires a test of
statistical significance. Because several measurements were made on each
subject, Student's t test could not be used to test the significance of the
differences between means in the various pairs of groups which were compared.
The appropriate test must consider all means simultaneously, as well as the
intercorrelations among the measurements. Such a test can be based on
Hotelling's T2 statistic which is the multivariate counterpart of Student's
t statistic (sce, for example, Anderson (12) or Wilks (13}). Hotelling's
12 can be transformed to an ordinary F ratio so that the test can be perform-
ed by reference to stundard statistical tables. Just as the t test requires
the assumption that the populations being compared have a common variance,
the test based on the 12 statistic requires the assumption that the popula-
tions being compared have a common covariance matrix. In the present study,
transforming the data to logarithms (base 10) produced covuariance matrices
which did not differ significantly between pairs of groups, and the statis-
tical analysis has been pertformed on the logarithms of the original data.

The results of several multivariate tests of significance are given in
table IV. In every casc, there are significant differences between stressed
and unstressed subjects, and, where comparisons are possible, between subjects
under different kinds of stress. 'Three of the comparisons in Table IV do not
show significant differences, but these are comparisons between groups of
relatively unstressed subjects which would not be expected to differ signif-
icantly. The test on a random split of thirty normal subjects into two
groups of fifteen subjects cach, was run as a check on the validity of the
procedure, Differences among individuals under thrce different stress con-
ditions are illustrated in Figures 6 and 7. In thesc figures, the original
cight-dimensional space of the measurements has been projected onto a plane
in such a way that the "distances" among the centroids of the clusters are
maximized., The dividing lines in the figures are the perpendicular bisectors
of the sides of the triangle formed by the centroids. By a well known
theorem of planc geometry, these three lines meet in a point, and the lines
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TABLE IV

F RATIOS FOR SELECTED TWO STRESS

COMPARISONS

F Significance
Stresses Compared Ratio Level
Acceleration: Before-Immediately After 10.31 P<.01
Sleep Deprivation: Before-Immediately After 20.53 P <.05
Sleep Deprivation: Before-After Recovery 1.21 P>.05
Normal-Schizophrenic 10.79 P<.01
Normal-Combat Stressed 26.74 P <.01
Schizophrenic-Combat Stressed 5.10 P<.01
Sleep Deprived-Schizophrenic 8.72 P<.0L
Sleep Deprived-Combat Stressed 10.27 P <.01
Convalescent Children-Mentally Retarded Children 13.22 P<.0l
Normal-Mentally Retarded Children 15.78 P <,01
Normal-Convalescent Children 2.22 P>.05
Random Split of Normals 0.56 P>,05
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Figures 6 and 7.

Plots of the adjusted Z indices for individuals under
normal and stressed states. In Figure 6, Zj separates
normals from schizophrenic subjects and pilots in combat;
and Z) separates the pilots in combat from schizophrenic
subjects. The individual points which are misclassified
are encircled. In Figure 7, Zj separates normal and con-
valescent children from mentally retarded children; Zp
shows no, significant differentiation between the normal
subjects and the convalescent children by discriminant
function analysis of the phospholipid data. Essentially
the diagrams represent a two-dimensional projection of
eight reference planes of phospholipid and cortisol con-
centrations which characterize the individuals as well as
the populations in terms of their reactions to stress.
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The Z indices, Zj and Z), are computed for each subject by taking
two weighted sums of the logarithms of the individual compounds. These
sums can be expressed in the form

21

C1,1 log X3 + C1 2 log X2 + ... + C1 g log Xg

Z2 = C2)1 log X3+ €2,2 log X2 + ... + C2 g log Xg.

The weights C1i and C23 are determined in such a way that the 'distance"
among clusters of points in the Z1, Z2 plane is maximized while keeping

the distance within clusters fixed. When this maximal separation has been
achieved, the weights are standardized to the same scale so that the impor-
tance of each compound in separating the three groups can be judged. The
entire analysis, including the calculation of the F ratios, has been com-
puterized.

DISCUSSION

In the physical and psychic stress reactions cited, phosphatidyl glyc-
erol is unique in the consistent increases of the plasma levels which are
common to all the stresses. In contrast, other phospholipids show variable
significant changes which permit a correlation with and molecular character-
ization of the stress., These concentration shifts in individual phospholipids
are not a direct consequence of variations in the total phospholipid content,
for both increments and decrements of the individual phospholipids can take
place with no change or even opposing changes in the level of the total phos-
pholipid content. Whether this represents a concentration effect in the out-
put of a major regulatory factor or whether each phospholipid is uniquely
controlled, the results imply the action of some brain ccnter which can
interpret certain sensory inputs as '"threats to survival'" and reacts by mo-
bilizing chemical factors which serve bioenergetically to enhance survival.

Emphasis is placed on acceleration stress because it is a highly repro-
ducible, physically defined entity, whoSe physiological aspects, such as
cardiovascular dynamics and central regulatory factors, are more or lcss
understood. An equivalent state of illusory enlightenment for the biochem-
ical cvents in acceleration cannot be claimed. Yet, without depreciating
the importance of the physiologicat aberrations of cardiovascular mechanics




which lead to inadequate oxygenation of cellular receptive sites, it is
obvious that the final criterion for survival must involve biochemical
energetics. Concentration changes in a single metabolite or even a whole
class of metabolites do not encompass the enigmas of biological energy.
However, by tradition, variations in metabolite concentration have been
used as the amplified signal of the action of regulatory or hormonal fac-
tors whose identification and quantification may be nearly impossible
within the limitations of current theory and technology.

Some indications of possible mechanisms involved in the changes of
phosphatidyl glycerol levels in plasma and brain can be inferred from
the disappearance of the molecular shifts in the plasma and the enhanced
tolerance to acceleration that hypophysectomy causes in the rat. It is
apparent that the increase in plasma phosphatidyl glycerol with stress is
related to a pituitary function. Whether this represents a hormonally stim-
ulated release of the phospholipid from tissue stores or a direct secretion
of the phospholipid is still unknown. MacFarlane and others have given
convincing evidence that a number of bacteria produce ortho amino acid esters
of phosphatidyl glycerol (14, 15). Phosphatido-peptides have been reported
isolated from liver and other tissue (16). It may then not be too remote
to postulate a possible release, from the pituitary, of polypeptide esters
of phosphatidyl glycerol with hormonal activity. Our finding of higher con-
centrations of phosphatidyl glycerol in the pituitary than in whole brain,
with about twice as high a content in the anterior pituitary as in the pos-
terior pituitary,! lends some support to the hypothesis that phosphatidyl
glycerol may be involved in the synthesis and transport of pituitary hor-
mones.

Although of hypothetical interest for the plasma changes found in stress,
the preceeding speculative explanation does not account for the tissue
changes in phosphatidyl glycerol. Preliminary in-vitro experiments indicate
that phosphatidyl glycerol accelerates the incorporation of inorganic phos-
phate into adenosine triphosphate in mitochondria reacting under conditions
which support oxidative phosphorylation. ! Although the mechanism by which
this is accomplished has not been clarified, the formation of an energized
intermediate from phosphatidyl glycerol, important to the cellular economy,
might be assumed, Phosphatidyl glycerol, as analyzed in plasma and tissue,
then would represent the degradation product of the energized intermediate.
In the normal animal a stress-increased turnover in the utilization of the
postulated intermediate could be reflected in elevated levels of the de-
energized product. In the hypophysectomized animal some of the metabolic
pathways utilizing phosphatidyl glycerol could be inhibited, and the cell-
ular energized intermediate of phosphatidyl glycerol would be available for
the primary energy requirements of survival. This rationalization offers
at least a speculative explanation for the tissue and plasma changes ob-
served in phosphatidyl glycerol that is consistent with the dramatic in-
Crease in tolerance to acceleration found in the hypophysectomized rat.

1Polis, B.D., H. Shmukler, H. Schwarz, to be published.
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Phosphatidyl glycerol, although present in small quantities in mamma-
lian systems, exists in large concentrations in plant membranes and con-
stitutes the major lipid of many bacteria (17). Significant quantities of
phosphatidyl glycerol are found in the chloroplast membranes of E. gracilis
grown in the light but are virtually absent from etiolated cells grown in
the dark (18). Other related phospholipids have been implicated in both
energy transducing reactions and active transport across membranes (19).
Also phospholipids have been reported as essential components of both excit-
atory and receptor systems (20, 21). It would appear then, that even in the
face of many gaps in definitive enzymatic pathways, all the available
evidence suggest an important role for phosphatidyl glycerol in the energy
transducing and synthesis mechanisma of living systems.

One intriguing aspect of the stress studies is the similarity of the
phospholipid pattern in chronic schizophrenia and in severe combat stress.
Combat stressed subjects and schizophrenics do not differ significantly in
the concentrations of the six phospholipids which distinguish schizophrenic
subjects from normal. Statistical differentiation between schizophrenia
and combat stress is achieved primarily on the differences in sphingomyelin
(Table II) and cortisol.? Also, schizophrénics do not differ from normal
subjects .and combat stressed subjects do differ from normal in the concen-
trations of these two compounds. A comparison of the plasma phospholipid
composition in schizophrenia and in combat fatigue is more marked by simil-
arities than by differences. It is intuitively sensed, and experience con-
firms, that long exposure to combat can cause extreme psychological disturb-
ance. Yet, from a more objective plane, it would be premature to ascribe
the plasma phospholipid variations in a selected, hospitalized, small group
of patients as characteristic of the complex behavioral aberrations termed
schizophrenia. We interpret these findings to mean not that the combat
pilot necessarily is becoming schizophrenic, but that the chronic schizo-
phrenic patient is stressed, and that the schizophrenic brain, like the com-
bat pilot's brain, is interpreting its environment as a threat to survival
and is reacting biochemically to meet this threat.

It has been shown earlier that the plasma phospholipids revert rapidly
to normal levels with rest in all the stresses observed except those of com-
bat and schizophrenia. In combat stress there was a slow remission toward
normal after removal from the combat area and return home. In chronic schiz-
ophrenia the plasma phospholipid pattern tended to remain fixed, as if in-
dicative of a locked stress pattern with the normal regenerative pathways
either exhausted or blocked. An experimental attack on this regenerative
mechanism in the human presents almost insurmountable difficulties. However,
the similarities of the phospholipid variations in the stressed human and
the stressed rat, taken in conjunction with the correlations of changes in
plasma with comparable changes in the tissue of the stressed rat, offer an
experimental approach to cellular control mechanisms that have still resisted
any significant resolution,

?Noval, J. and T. Post, to be published.
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COMPARISON OF DIURNAL VARIATION AND ACCELERATION STRESS
ON PLASMA PHOSPHOLIPID LEVELS

\"2 S
Subject: UL 1 < « /// 'éf 89
o Q) > g @
éyé} ;v~¢y L 31;3 4; 4?
v /S T/ES S ¢ /) &
VY G & X7 <
8:00 | 9:30 | 1300 | 1530 ___|Before| After

Phospholipid uM P/liter plasma .
Total Lipid Phosphorus 2143 | 2527 | 2255 | 2301 2366 | 2346
Lecithin 1408 | 1775 | 1450 | 1631 1634 | 1466
Phosphatidyl Ethanolamine 48.4 93.5 54.6 | 47.6 50.2 89.6
Phosphatidyl Serine 31.3 |19.5 | 28,2 | 18.9 33.8 | 39.7
Cardiolipin 41.4 | 21.0 | 44.0 | 40.7 38.1 | 50.4
Phosphatidic Acid 9.4 [ 14.4 | 10,6 | 17,0 14.0 | 15.5
Phosphatidyl Glycerol 30.2 | 18.5 | 29.1 | 37.7 28.6 | 74.8
Phosphatidyl Inositide 111.2 | 48.5 | B4.4 |102.9 114.0 ! 151.6
Cyclic Glycerophosphoric Acid}ige,7 [107.2 [114.8 | 96.2 | 78.6 |102.8
Inorpanic Phosphate —9.4 | 22,0 | 20,3 | 18,2 13.3 | 15.5
X2 31.3 | 14,7 | 31.1 [ 25.8 27.7 7.7
Alkali Labile Unknowns .31.3 13.7 27.5 18.2 | 41.6 21.8
Choline Plasmalogen 28.9 | 24.8 | 41.3 | 37.3 42,4 | 36.4
Ethanolamine Plasmalogen 14,6 | 15.4 | 22.6 | 15.2 25.6 | 22.5
Serine Plasmalogen | 11.4 | 12.4 | 15.6 1.8 11.1 2,8
Unknown Plasmalogen 11.4 6.1 13,3 8,5 | 2.8 0
Sphingomyelin 259.9 [365.7 [290.5 |235.7 247,3 | 269.8
Acid Labile Unknowns 17.1 11.4 15.3 | 28.1 2.8 6.1
Alkyl Ethers 52.5 | 58.4 | 68.3 | 36.8 85.2 | 99.2
Cortisol 16.0 15.5 8,0 10.5 18,3 l 21.8
Corticosterone .83 72 .76 | .29 1.60! .84!
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COMPARISON OF DIURNAL VARIATION AND ACCELERATION STRESS
ON PLASMA PHOSPHOLIPID LEVLES

First Day Second Day
/ / /S
. ) . ~ ~
Subject: JO 2 T g A g )
ub je & d? y « & & J?
S SEE S O 5/ 7
"“fo Q‘? 9;“ 4,0 dlu § bQ.o 00 ¢
NPONA L VAR E M <
8:00 | 9:30 1300 1530 __|Before|After
Phosphclipid uM P/liter plasma.
Total Lipid Phosphorus 2042 | 2298 | 2087 | 2561 2109 | 1881
Lecithin (1458 | 1654 | 1249 | 1651 1612 | 1321
Phosphatidyl Ethanolamine 24.7 1 65.3 | 54.9 1| 62.5 29,9 | 27.8
Phosphatidyl Serine 17.2 9.9 27.6 22,0 8.0 17.5
Cardiolipin 38.2 | 19.1 | 33,2 28,2 | 31.6 | 31,8
Phosphatidic Acid 13.1 3.9 25.3 14.1 14.1 13.7
Phosphatidyl Glycerol 18,4 | 21.8 | 40.3 | 43.8 , 22.8 | 48.2
Phosphatidyl Inositide 109.4 | 57.9 1106.9 | 145.5 38.2 | 44.6
Cyclic Glycerophosphoric Acid 68.4 | 54.0 1110.6 1115.8 | 47.7 1 42.1
Inor_anic Phosphate 13.1 | 14,0} 25.3| 38.7 | 5.7 7.7
19.6 | 20,2} 28,0 53,0 8.7 18.3‘
Alkali Labile Unknowns 24.72 1 13.11 41.31 15,9 7.0] 24.31
Choline Plasmaloger 40,2 | 23.2 | 61,2 36.4 37.5] 20.1
Ethanolamine Plasmalogen 18,6 | 11,7 14.6 | 18.7 28.3 5.5
Serine Plasmalogen 8.81 13.81! 13.8! 14.1 11.8 0|
Uni.urwn Plasmalogen 16.3 8.7 12.5 8.3 1.3 0
Sphin,omyelin 200.9 [ 354.1 1278.9 1 342.1 207.9 | 245.7
Acid Labile Unknowns 15.9 | 20.5| 23.2| 21.5 2.7 0.8
Alkyl Ethers -50.6 | 42,51 42,4] 64,3 95.31 99.7
Cortisol 12.9 16.4 9.3 6.2 14.9 21.6
Corticosterone .63 | W54 .89 20 1. .62 | 1.36
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COMPARISON OF DIURNAL VARIATION AND ACCELERATION STRESS
ON PLASMA PHOSPHOLIPID LEVELS

First Day Second Day
o s
Subject: WI 3 oy o o« & J"y &
é?$? é"#? ¢ & b?‘k ;? 4?
S SEE S S5 $ &
) < TN % <&
8:00 9:30] 1300 | 1530 Before|After |
Phospholipid pM P/liter|plasma
Total Lipid Phosphorus 29 | 2354 | 2310 | 2668 2638 | 2535
Lecithin lost | 1627 | 1458 | 1711 1923 | 1657
Phosphatidyl Ethanolamine lost | 36,3 | 56,6 | 51.5 53.8 | 102.2
Phosphatidyl Serine lost 11.8 | 16.6 | 33.9 . 18.2 | 24.3
Cardiolipin loat | 33.4 | 28.2 ] 52,3 41.7 | 55.3
Phosphatidic Acid lost | 14.8 | 20.8 | 25.6 26.1 | 20.0
Phosphatidyl Glycerol lost | 25.0 ] 30,5 | 31.5 24,5 | 49.2
Phosphatidyl Inositide loat | 85,9 [109,7 |125.7 96.3 | 56.8
Cyclic Glycerophosphoric Acid | 1ogt | 64,5 1124,0 |142.2 56.5 | 82.4
Inor.anic Phosphate _lost 8.5 15.7 18.4 | - 12.1 26.6
X2 _Jost | 17.4 | 31,0 23.2 4.5| 3.6
Alkali Labile Unknowns _lost 11.8 36.7 30.2 26.7). 17.5
Choline Plasmalogen lost | 34,4 | 52,4 37.9 39.0| 52.2
Ethanolamine Plasmalogen lost | 14.6 ] 14,8 25.1 19.5| 23.8
Serine Plasmalogen lost 7.11 10,44 13.3 4.0 7.1
Uniinown Plasmalogen logt 6.4 3.9 8.0 3.2 2.0
Sphingomyelin lost |337,8 [320.4 [ 346.6 315.3 | 341.7
Acid Labile Unknowns lost 9.4 28.0 22.4 10.6 10.4
Alkyl Ethers lost |124.5 ) 66.8 ] 103.3 99.2| 112.8
Cortisol 14,2 18.6 14.4 7.7 10.1 9.6 |
Corticosterone .48 .79 o 72 .31 .19 .12
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COMPARISON

OF DIURNAL VARIATION AND ACCELERATION STRESS
ON PLASMA PHOSPHOLIPID LEVELS

First Day Second Day
IS
Subiject : / < / / "voe >
ject: WIN & @ o o < g
PR < 2, “ ° < &
¥/ A/ v o X y o
é’ g v o < & ) o v
SR E S C/&F /PP g o
o @ X Q) ¥ & g <+
8:00 | 9:30 1300 1530 Before| After
~ Phospholipic pM P{liter plasma
Total Lipid Phosphorus 2078 | 2106 | 1811 | 2518 1945 | 1989
Lecitnin 1319 1493 1143 1553 1354 1317
Phosphatidyl Ethanolanane 1.6 1 55.4 | 28.6 1 56.4 25.1 | 33.6
Phosphatidyl Serine 12,1 017211 21,61 39.8 16.1 18.5
Cardiolipin 36,2 | 23.2 1 23.4 | 44.6 16.7 25.9
Phosphat (lic Acid 15.(._% 20.6 15.8 15.1 19.5 15.5
Phosphatiayi Glycerol 20,4 | 34,1 ] 28.6 | 35.8 14.0 | 29.2
Phospnati iyl Iuositide 93,1 | 65.3 1102.7 | 158.4 61.3} 59.3
Cyclic Glycerophosnhorie Acid 981 88.3 1102.3 ! 116.3 54.5 ] 63.5
Inor canac Phosphate 22.1 16,1 18,1 19.5 8.6
" |“.2 a 2 . L] 2
2 .81 5.9 32,2 16.6 17.5| 11.1
Alkal., Labil. Unknowns 23.1 11.0{ 20.5]| 34.2 16.9 8.4
Choiine Plasmalozen 32,21 20.21 36.8] 36.3 33.8] 43.2
Ethanolawine Plasaalogen 15.0 2.5 9.41 15.4 9.9 9.8
Seriune Plasmalogen 10 8 8 2 7.61 11.8 3,3 5.4
Uninown Plasmalogen ~19.9 4.4 3.8 7.8 2.7 0
Sphi N t
plingonyelin 339.9 | 284,1 | 255.7 | 404,6 293.1 | 344.3
Acid Labile Un.nowns 22,7 | 20.0] 22.8] 34.0 0 0
Aliyl Ethers 53.4 | 33.9] 33.9| 52.9 81.7| 87.5
Cort.sol 13.2 25.¢ 9.7 10.5 10,7 19.4
Corticosterone .59 1.03 | .8 .67 .24 .29
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COMPARISON OF DIURNAL VARIATION AND ACCELERATION STRESS

ON PLASMA PHOSPHOLIPID LEVELS

First Day Second Day
_ > /&
Subject: HA 5 o o i o ;7
O&w\{:”o -t,\g ¢ & &*—Q "3? »\317 '
RAEOAR 3N TN/ A ¥
I 3:00 | 9:30 | 1300 | 1530 Before| After
Priospirolipay ?M Pfliter Plasma | | |
Total Lipid Puospioras 1696 2099 1704 1880 1768 1768
Lecicoin 1061 | 1437 | 1082 | 1108 1053 | 1081
Prosphatiavi E.hanolang e 48.0 73.7 36.3 59.4 58.7 65.1
Poospnatidyl Serine 24.8 | 26.0 9.4 | 28.4 25.5 | 10.4
Cardioiipin 34.9 | 28.8 | 22,2 ] 32,7 30,9 | 23,2
Phosphai . iv Aciy 8.8 | 12.6 | 13.3] 15.8 10,8 17.3
Plospliatiayl Glycerol 21.0 | 33.0 | 31.2| 23.7 19.6 | 45.8
Piros matiayi Luositiae 59.9 88.2 |143.3 72.6 66.6 | 48.8
Cyclic Glycerophosnacr .+ Aciid 85.1 63.6 | 89.3 | 75.4 74,1 ] 42,1
Inorganic Phosphate 13.6 | 18.5 9.4 | 18.1 17.0 } 23.5
%2 24,3 | 13.6 | 19.1] 35.0 20.9 | 14.0
Alxaj: Labil. Unknowns 20,2 16.6 29.0 20.1 20.0 ] 31.8
Chojiine Plasnaloger. 23,1 47.2 | 31.9| 34.2 29,9 37.1
Ethanolawine Plasnalogen 7.8 14.9 12.8 1 22.0 15.7 16.1
Scrivne Plasmalogen 10,2 12,2 ! 11,81 13.4 6.7 8.8
Un..tiown Plasmalogen 15.1 8.4 5.8 21.3 10.8 3.0
Sphingemyelin 255.2 1239.3 | 208.1 | 301.6 306.2 | 296.4
Acid Labile Un.nowns 14,31 15.7 | 21.8( 36.5 26,2 21.4
Alikyl Ethers 35.3 ] 56,7 30,0} 45.7 56.0| 56.7
Cort.sol 9.9 19,2 22,1 23.5 1012___12L21
Corticnsterone 40 1,30 | 1,49 1,50 .28 <79 |
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COMPARISON OF DIURNAL VARIATION AND ACCELERATION STRESS

ON PLASMA PHOSPHOLIPID LEVLES

First Day Second Day

Subject: RO 6 S g

s/ & i
v/ F & &
$F )& ¥ /& & S« & >
0O o F /&S > & ) v
v @ & N s &P g 5
RIONEA L A ¥ & '3
r
8:00 | 9:30 1300 | 1530 Before|l After

Phospholipid ' BM P/liter Hlasma
Total Lipid Phosphorus 17221 19 1262 | 1767 1556 | 1707
Lecichin 1015 | 1279 | 1142 | 1102 1031 | 1148
Phosphatidyl Ethanolamine 34.3 | 45.3 | 39.0 | 48.4 19.5 | 44.2
Phosphatidyl Serine 10.3 | 15.8 | 18,7 | 22.1 9.8 | 10.1
Cardiolipin 30.6 | 25,0 | 22.8] 17.0 20,9 | 20.0
Phosphatidic Acid 13.0 7.9 | 11.0 11.8 12.0 | 24.8
Phosphatidyl Glycerol 39.1 | 18.6 | 26.3 | 29.5 21,31 32.1
Phosphatidyl Inositide 154.0 | 71.9 | 71.6 | 87.1 143.3 1 39.6
Cyclic Glycerophosphoric Acid [132.0 | 77.6 107.4 | 76.7 28.6 | 58.4
Inor anic Phosphate 18.3 | 18.6 8.7 1 21.2 7.2 3.4
x .

2 26,2 8.3 27.9] 26.2 8.7| 5.0
Alkal: Labjle Unknowns 3s.o ! 10.31 22.81 18.9 17,9 27.3
Choline Plasmalogen 38.0 | 31.5}| 27.4| 30.9 28.0 30.6
Ethanolamine Plasmalogen 11.2{ 18.6 | 13.3| 12.2 4.7| 26.6
Serine Plasmalogen 10.5 1 13.71 11.51 13.8 4.7] 12.6
Unkinown Plasmalogen 6.11 13.3 7.6 0 7.5
Sphingomyelin 251.6 | 355.2 | 231.6 | 266.5 239.5 | 226.0
Acid Labile Unknowns 12 1 10.9 11.5 10.6 0 1.2
Alkyl Ethers ' 29.5] 59.4] 45.2] 52.0 58.7! 66.2
Cortisol 12,0 | 13.8 | 10,3 12,0 10.9] 12,7
Corticosterone .67 .61 40 44 .35 1,31

A24




COMPARISON OF DIURNAL VARIATION AND ACCELERATION STRESS
ON PLASMA PHOSPHOLIPID LEVELS

First Day _ Second Day
g <
. o
Subject: YO 7 Prat < N ;7 <
oSS T s S &/ &
N A T A AN o’ o’
o @ " SIS & ) o
$& JEL [T ) 28 s/
PSR A4 & A ¥ )
8:00 | 2:30 1300 1530 Before|After
Phospholipid uM Pfliter flasma
Total Lipid Phosphorus 2816 | 2905 | 2626 | 3220 2839 | 2405
Lecitinin 1250 | 1992 | 1728 | 2160 2045 | 1613
Phosphatidyl Eihanolamine 65.1 62.5 50.9 71.5 51.4 ] 42.1
Phosphatidyl Serine 27.6 | 16,9 | 13.7 | 43.5 20,7 { 22.1
Cardiolipin 39.7 | 48,8 | 32.0 | 42,2 29.8| 38.5
Phosphatidic Acid 17.2 5.8 | 12.9 | 38.6 17.3| 21.9
Phosphatidyl Glycerol 42.5 | 13.4 | 42.0 | 49.6 19.9 | 4l.1
Phosphatiayl Inositide 116.9 [109,.5 | 86.9 | 162.6 81.2]110.9
Cyclic Glycerophosphoric Acid [3s1.0 90.9 | 96,11 97.9 68.4 | 85.4
Inor_anic Phosphate 24.5 12.51 19,21 14.2 9.7 ] 17.6
%2 36.9 | 14,2 21,0 17.7 11.9| 29.6
Alkal, Labilce Unknowns 34.6 9.9 42.3 34,1 22.2 20,7
Choiine Plasmalogen 34.6 | 24.4 ) 63.0| 60.9 48.0 | 39.4
Ethanolamine Plasmalogen 23,7 14.2 17.3 24.8 10.8 9.1
Serine Plasmalogen 16,3} 18,9} 13.7| 10.0 6.8/ 4.3
Uniinown Plasmalogen 18.0 8.4 13,7 8.4 4,5 5.8
Sphingomyelin 478.5!526.1 | 404.1 | 455.0 372.2 307.3
Acid Labile Unsnowns 14.1] 28.8| 18.4] 15.5 16.2| 11.3
Alikyl Ethers 57.7 ] 52.0] 73.0] 83.1 144.0| 107.5
Cortisol 13,1 | 10.4 | 13.3| 3.0 10.5 7.6_|
Corticosterone .54 .41 .34 .55 64 7647
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COMPARISON OF DIURNAL VARIATION AND ACCELERATION STRESS
ON PLASMA PHOSPHOLIPID LEVELS

First Day Second Day
Subject: KI 8 . o S §° ‘:9"/
@ Q; g < . éy Pid
$F/EF )/ F o /&
&3 w & W5 o & o
¥ )YV [ ¥ @ < <
8:00 | 9:30 1300 1530 Before| After
Phospholipid pM Plliter plasma
Total Lipid Phosphorus 2061 | 2109 | 2330 | 2362 1962 | 2044
Lecithin 1281 | 1325 | 1267 | 1430 1371 | 1233
Phosphatidyl Ethanolamine 6 1 54,2 | 46,4 |- 59.0 18.2 | 72.1
Phosphatidyl Serine 22.7 | 19.8 | 34,5 | 31,9 20.4 | 24,1
Cardiolipin 35.9 | 27.2 | 59.4 | 40.2 36.5 | 22.1
Phosphatidic Acid 18.5 17.1 14.7 11.3 13.5 18.4
Phosphatidyl Glycerol 31.9 | 25.1 | 41,5} 28.1 15.7 [ 36.6
Phosphatidyl Inositide 99.7 | 90.5 1219.7 | 102.0 72.8| 89.1
Cyclic Glycerophosphoric Acid 104,3 | 83.3 |178.3 |127.3 38.8| 94.4
Inorganic Phosphate 24.5 ) 19.8 | 17.2] 14.6 16.9| 15.7
22 40.8| 9,3 28.9] 35.7 11.8] 21.3
nlkali Labjle Unknowns 35.9 | 12.9 ¢ 43.8[ 31.9 10.0 [ 23.1
Choline Plasmalogen 28.0 | 42.2 | 35.4| 45.6 33.4 37.6'
Ethanolamine Plasmalogen 14,2 | 23,8 22.8| 25.7 12.6 9.4
Serine Plasmalogen 14.8 17.7 18.2 8.5 8.8 5.9
Uniknown Plasmalogen 19.6 9.7 15.6 5.0 3.1 0
Sphingomyelin 286,0 | 289.7 | 327.6 | 349.5 273.2| 329.4
Acid Labile Unknowns 9,5| 42.8] 24.5| 38.3 15.71 15.1
Alkyl Ethers 59.8 1 99,3 | 69.7! 87.2 87.1| 91.6
Cortisol 158.2 11.0 17.8 16.6 21.0 21.2
Corticosterone 57 «35- .75 1.32 1,80 1,70
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COMPARISON

OF DIURNAL VARIATION AND ACCELERATION STRESS
ON PLASMA PHOSPHOLIPID LEVELS

First Day Second Day
Subject: BL 9 .;:' o . / 591: ':90
$F /5568 fzf& f/ 8

v S EE G [EL & &

Q X R A4 < V?

200 9:30 1300 1530 Beforel After
Phospholipid AgggAP'liter blasma
Total Lipid Phosphorus 1939 | 1918 | 2310 | 2290 1768 | 2081
Lecithin 1298 | 1300 | 1503 | 1376 1237 | 1394
Phosphatidyl Ethanolamine 4S5.8 { 40,7 | 724.2 | 4R} - 28,6 | 61.4
Phosphatidyl Serine 33.4 ! 10.0 | 30,3 | 28,4 13.6 | 14.4
Cardiolipin 35.3 16.9 | 47.6 ] 33.7 24.9 17.1
Phosphatidic Acid 10.1 5.0 33.7 25.0 19.6 14.4
Phosphatidyl Glycerol 30.6 19.9 43.4 35,5 13,4 34.6
Phosphatidyl Inositide 68,1 | 58.9 {131,464 [111.8 64.2| 87.0
Cyclic Glycerophosphoric Acid 89. 61.8 87.8 1 129.2 45.11 63.5
Inorzanic Phosphate 12.2 9.2} 14,1} 21.8 12,0 10.8
X2 13,0 | 10,0 ] 38,1 ] 24,1 12.0 | 22.1
Alkali Labile Unknowns 19,4 | 13.4 ] 30.3] 15.1 8.1} 20.4
Choline Plasmalogen 29.7 ] 25.3| 31.4| 38,5 22.1| 41.6
Ethanolamine Plasmalogen 17.1 10.6 18.7 20.8 17.7 12,9
Serine Plasmalogen 9.7 12,7 15.5] 14.0 1,4 8,7
Unknown Plasmalogen 0 7.7 9.7 8.0 5.3 9.4
Sphingomyelin 267.3 | 318.5 | 252.3 | 369.7 246.91 292.0
Acid Labile Unknowns 8.2 50.2] 28.4| 38.9 17.7] 14.8
Alkyl Ethers 40,3 ] 37,8 41.8] 62.1 60.5| 66.0
Cortisol 15,9 | 18,5 ] 19,9 | 8,1 16.0 | 15.0
Corticosterone .81 .65 1.02 221 .36 43
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COMPARISON OF DIURNAL VARIATION AND ACCELERATION

ON PLASMA PHOSPHOLIPID LEVELS

STRESS

First Day Second Day
Subject: BR 10 & <
g/ & $ S/
O [0 & e /&, ,j’ &
58 JES /S5 /88 g/

X [ v /@ X &

8:00 9:30 1300 1530 BeforelAfter
Phospholipid pM P/liter plasma
Tctal Lipid Phosphorus 2005 | 2587 | 2440 | 2847 1998 | 2118
Lecitiin 1292 1855 1579 1761 1401 1552
Phosphatidyl Ethanolamine 27.1 | 51,5 | 42,7} 61,2 24,6 | 38.3
Phosphatidyl Serine 16.4 | 16.8 |- 28,1 | 45.3 21,6 ! 15.3
Cardiolipin 32.3 | 27.4 | 43.9 | 46.4 22.4 ] 21.8
Phosphatidic Acid 14,0 | 13,7 | 14.6 | 19.7 10.4 | 11.2
Phosphatidyi Glycerol 31.5 | 32,9 24,9 51,3 18.8 ] 29.7
Phosphatiayl Inositide 97.7 |119.5 | 144.9 | 126.7 56.3 | 47.2
Cyclic Glycerophosphoric Acid 16.6 | 81.2 | 96,9 |140.4 48.4 | 43.8
Inorganic Phosphate | 15.5 | 22.7 ] 16.8 9,4 5.1
X2 21,1 7.2 37,1 41.6 6.0 5.1
Alkali Labile Unknowns 32.3 6.5 1 22,5| 39.0 5.4 8.7
Choline Plasmalogen 29,9 | 37.8 | 43.4| 43.6 41.81 39.2
Ethanolamine Plasmalogen 14.6 | 16,0 21,2 14.8 17.6! 22.0
Serine Plasmalogen 13.2 | 14,81 11,5| 10,8 11.4| 9.3
Uniinown Plasmalogen 11.8 6.2 | 12.4 1 14.8 10.6| 10.8
Sphingomyelin 321.5_1307.9 | 453.3 313.5] 298,4
Acid Labile Unanowns 12.6 | 45.5} 16.8| 22.8 17.2 8.1
Alkyl Ethers 32,51 720.9 59.8 73,2 56.9 53.4
Cortisol 15,1 16,1 17.2 8.6 11.0 19.2
Corticosterone 40 .64 .66 235 46 1 1,51
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COMPARISON

OF DIURNAL VARIATION AND ACCELERATION STRESS
ON PLASMA PHOSPHOLIPID LEVELS

Subject: MA 11

< <& 3
&w*‘y‘:) g é‘f o é’j;s j;a j,
$L/EE)ES 2 ¢/ &
VY SV TN FX N $
8:00 | 9:30 | 1300 | 1530 Before|After

Phospholipid : pM Pfliter plasma
Total Lipid Phosphorus 2051 2395 2574 2732 1639 2268
Lecitnin 1262 | 1579 1250 1881 1084 | 1543
Phosphatidyl Echanolamine 5 1 6l1.1 ! 66.71 45.9 26,41 34.7
Phosphatidyl Serine 28.7 20.1 25,17 26,0 18.4 16.3
Cardiolipin 30,2 28.5]| 43.5| 38.2 31.5) 29.0
Phosphatidic Acid 121} 20.6] 25.72] 16.1 15,1 15,2
Phosphatidyl Glycerol 36.7 1 29.5{ 36,0 32.2 19.5] 39.7
Phosphatiayl Inesitide 99.11136.51122.81 115.8 90.3] 90.1
Cyclic Glycerophosphoric Acid 118.6 | 125.3 ] 101.4] 69.7 49.8] 83.3
Inorganic Phosphate 13.1] 16,8¢ 27.3] 30.1 14.8] 12.3
X2 ‘ | 14.6] 23.7] 29.0 9,3| 22.5
Alkali Labile Unknowns 35.5 12.2 30.4 35.0 17.4 20.9
Chojine Plasmalogen 35.90 372.1] 45.8{ 33.9 31.6] 39.0
Ethancolamine Plasmalogen 18.1 18.0 20.6 20.2 19.5 18.8
Serine PlaSma{géen 15.8 9.8 19.0 17.8 7.7 5.9
Uniinown Plasmalogen 8.4 6.5 17.5 7.1 9.2 9.3
Sphingomyelin 264.0] 326,5] 254.0] 378.6 205.0! 331.6
Acid Labile Uninowns 29.7 28.0 30.4 25.4 15.6 14.7
Alkyl Ethers - 62.6] 53.4] 67.9] 69.4 60.8| 54.7
Cortisol 12.0 | 17.1 | 12.0 | 11.1 12.1 | 17.4
Corticosterone 31 230 +26 <46 41 15
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COMPARISON OF DIURNAL VARIATION AND ACCELERATION STRESS
ON PLASMA PHOSPHOLIPID LEVELS

Subject: FR 12

Phospholipid

Total Lipid Phosphorus

Lecitiin

Prosphatidyl Ethanolawine

Poosphatidyl Serine

Cardioiipin

Phosnhatidic Acid

Phospliatidyl Glycerol

Phospnatiayl Inositiue

Cyclic Glycerophosnnoric Acid

Inor_anic Phosphate

X

Alkal, Labilc Unknowns

Choline Plasmalogzen

Ethanolamine Plasmalogen

Serine Plaswalogen

Un..nown Plasmalogen

Sphingomyelin

Acid Labile Un.nowns

Aikyl Ethers

Cortisol

Corticosterone

First Day Second Day
S o
T e T/
JQ§? é,qﬁ LS/ 4? "
;943 &8 def 2 g S
vy TN [~ @ <& N
8:00 9:30 1300 1530 Before| After
- pM Plliter plasma
| 2742 | 3039 - - 2990 2625
1862 | 2112 - - 2314 1883
61.4 1 55.0 - - 52.9] 54.3
23.6}) 25.2 - - 20,91 20.5
1.4} 33.4 - - 27,5 20.7
15.6 ] 17.3 - - 9.0 11.0
35.91 50.5 - - 42,5 54.3
110.8} 152.0 - - 83.41 112.9
145.1]117.9 - - 92.7] 90.8
16.2] 20.7 - - 6,61 18.4
33.5] 12.8 - - 15.9] 26.3
23,3} 23,1 - - 12.6] 20.7
| 47,1 - - 41.3] 51.2
21.9] 13.7 - - 19.7] 23.6
18,7} 15.8 - - 14,1 14.7
1.1 6.1 - - 11.7{ 12,9
361.2) 371, - - 321.1} 300.1
21.9] 41.3 - - 10.8[ 11.6
36.8] 86.6 - - 48.11 37.3
12.0! 10.4] ' 12,4 | 9,7
26 .05 - - .39 .51
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COMPARISON OF DIURNAL VARIATION AND ACCELERATION STRESS
ON PLASMA PHOSPHOLIPID LEVLES

First Day Second Day
S &
Subject: WIL 13 : & Iy 2 & &
(2 & bt d? é' y
£5 /88 /&8 v 3 S /&
SE)EE)¥5/5$ ¥/
'aoa 9:30 { 1300 | 1500 BeforelAfrer |
Phospholipid A%gLJL'
Total Lipid Phosphorus 2691
Lecithin
Phosphatidyl Ethanolamine 64.3
Phosphatidyl Serine 21.5
Cardiolipin 26.9 ‘
Phosphatidic Acid 14.3
Phosphatidyl Glycerol 23.7
Phosphatidyl Inositide 89 9
Cyclic Glycerophosphoric Acid 16.3
Inorganic Phosphate 7.3
X2 15.6
Alkali Labile Unknowns 22.5
Choline Plasmalogen 39.0
Ethanolamine Plasmalogen 10.5
Serine P1a9m3§2§gn 15.1
Unknown Plasmalogen 2.2
Sphgggomyelin 15,1
Acid Labile Unknowns 7.8
Alkyl Ethers 49,5
Cortisol 13,4
Corticosterone AR
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COMPARISON

OF DIURNAL VARIATION AND ACCELERATION S5TRESS
ON PLASMA PHOSPHOLIPID LEVELS

First Day i _ Second Day
Subject: JA 14 < < / /// 3:3 5 //
v Q? Q; s & d?s / 5? $§‘ [

SF85 (88 )55/ S F)F

SE/eE [T )L R

8:00 | 9:30 | 1300 | 1530 Beiore|After

Phospholipid uM Plliter plasma |

Total Lipid Phosphorus 2179 | 2231 | 2285] 2763 19031 2429
Lecithin 1331 | 1516] 1485 1752 1255 1666
Phosphatidyl Ethanolamine 64.51 49,11 47,3 58.8 53.7 67.5
Phosphatidyl Serine 25.81 15.21 25.8] 39.8 21,3} 32.8
Cardiolipin 39,0 20.5] 36.8! 46.1 12.5 20,2
Phosphatidic Acid 13.5) 13.6] 12.6] 24.3 8,0, 28.7
Phosphatidyl Glycerol 24,8 28,81 25.8} 52.8 41.1| 57.8
Phosphatidyl Inositide 82.11 77.4|101.0{ 111.6 78.21 121.0
Cyclic Glycerophosphoric Acid 132.7 71.4 1 104.4 | 133.7 95.01 127.0
Inorganic Phosphate 24.8] 8.3] 13.3| 22.1 5.,1] 12.6
%2 2220 16.7] 16.9] 22.1 19.4] 22.1
Alkali Labile Unknowns ~19.8] 12,1| 25.1| 24.3 28.6] 24.5
Choline Plasmalogen 45.51 31.0 32.5 54,2 44.9] 42.8
Ethanolamine Plasmaloger 20.71 23.01 20.8! 23.5 24,01 18.5
Serine Plasmalogen 16.21 14.12 10.5 17.7 i7.1 13.4
Unicnown Plasmalogen 16.8 6.3 20.1 8.3 12.9] 10.0
Sphingomyelin 332.3/ 333.8| 364,9 436.3| 224.6| 230.8
Acid Labile Unknowns 20.7| 37.0] 26.5| 31.8 15.0{ 16.3
Alkyl Ethers 29! 64.0] 29.3! 35.6 20.6] 46.9

Cortisol 14,1 12.4 10.1 8.2 10,2 8.5
Corticosterone .81 .70 .72 .62 .58 .25
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COMPARISON OF DI
N

First Day Second Day
. % < C)c
Subject: EV 15 o < O o
P < de /o % &
L o /P9 & v ~
s & & 35 g’é’ o’ &
X Q? <y A AR S S & &
A

8:00 9:30 1300 1530 Before| After

Phospholipid pM Pl/liter plasma
Total Lipid Phosphorus 2009 | 1855 | 1630 | 1931 2198 | 2120
Lecithin 1403 1194 1071 1231 1394 1430
Phosphatidyl Ethanolamine 28 3 40.13 36.0 51.0 50,8 S7.2
Phosphatidyl Serine 13,3 | 19,71 21.41 22.0 20.2 | 15.1
Cardiolipin 23.3 | 27.5 1 32.1 3 43,51 23,5
Phosphatidic Acid 12.3 8.9 | 13.2 | 18.0 16.2 | 21.2
Phosphatidyl Glycerol 2.4 | 20.8! 30.0 34.6 38.7| 75.5
Phosphatidyl Inositide 72.5 91.3 88.5 91.2 182.6 82.0
Cyclic Glycerophosphoric Acid 109.5 | 76.8 | 58.5| 67.0 133.8! 68.0
Inorganic Phosphate 3.0 10. 14,01 11.2 26.2 9,8
X2 12.1 | 15.0] 20.5) 27.8 10.8] 15.3
Alkal: Labile Unknowns 10,1 9.8 19.7 11.2 17.8 12,7
Choline Plaswmalogen 39.6 | 31.9{ 25.8] 47.3 56.,3! 54.9
Ethanolamine Plasmalogen 16.1 26.3 15.5 11,2 23.7 27.6
Serine Plasmalogen 11.1 9.8 8,2 10.8 18.0 20.1
Uniinown Plasmalogen 0 7.8 13.7 7.7 10.6 18.0
Sphingomyelin 267.2 [238.7 | 203.3| 274.4 216.7 | 230.4
Acid Labile Uninowns 7.6 42.7 10.9 30.1 15.4 11.0
Alkyl Ethers 8,4 76,8} 33,9| 37.9 53.0| S1.7
Cortisol 14.3 14,1 13,9 9,8 10.8 11.5
Corticosterone 351 278 259 35 82 83
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COMPARISON

OF DIURNAL VARIATION AND ACCELERATION STRESS

ON PLASMA PHOSPHOLIPID LEVELS

First Day Second Day
Subject: DP 16 < < S/ &
‘ o N&; < /& d'ﬁ J; 4.;'

%5“06" qu"&q‘,” J"j > & & >

S/ /¥ v v /&
8:00 1 9:30 | 1300 | B |After |

Phospholipid pM P/liter plasma

Total Lipid Phosphorus 2160 | 2235| 2402| 2701 23561 1929
Lecitnin 14931 1639 ] 1598 1618 16821 1169
Phosphatidyl Ethanolamine  45.8] 72,51 73.5 42,91 58.4
Phosphatidyl Serine | 14.5] 29.5| 34.4)1 23.0 16.3! 21.6
Cardiolipin 37.2§ 31.7 ] 44.41 37.3 22.9| 39.0
Phosphatidic Acid 11.0] 13.6| 30.3]| 15.7 8.3] 33.4
Phosphatidyl Glycérol 18.61 21.71 35.6! 40.8 36.5|.-768.5
Phosphatidyl Inositide 75.6 1 98,11 964,4] 151.0} 114.1] 124.8
Cyclic Glycerophosphoric Acid | 94.6 91.7! -86.5] 148.8 92.8L 105.1
Inorzanic Phosphate 12,51 18.3} 13.9] 23.5 9.0 8.3
/"2 22,51 34,7] 25.,9] 33,2 16.3] 30.1
Alkali Labile Unknowns 21.81 472,41 33.2! 37.8 24,3 15.8
Choline Plasmalogen 50,5] '19.0] 42,0} 53,2 53.7] 52.5
Ethanolamine Plasma{gggn 19.9 8.7 16.6| 24.6 24,7 10.0
Serine Plasmalogen 7.8 13.6! 14.7 8.6 18.4 6.8
Uniinown Pldsmglgsgn 8.6 2.7 3.8 7.0 14.9 1.7
Sphingomyelin 276,91 363,3| 286.3| 445,1 232.3] 242.2
Acid Labile Unknowns 9.9] 49.9| 21.4! 45.4 18.4| 1l4.1
Alkyl Ethers 446.9| 36.2| 66.5| 48.6 56.8| 28.9

Cortisol 9.5 | 14,7 | 15,3 9.2 11.7 ] 12.1
Corticosterone 32 .79 .54 «35 40 .39}
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COMPARISON OF DIURNAL VARIATION AND ACCELERATION STRESS

‘ON PLASMA PHOSPHOLIPID LEVELS

Second Day
pe IS
Subject: WID 17 & > N > > //
o \::7 "yv Lo &, & ‘,V w‘v /
§£8 (85 /EE /& > )&
v /8L /&S [ & ¢
Q) A ) g @ < A
I
8:0019:30 } 1300 | 1530 BeforelAfter
Phospholipid pM Pjliter plasma ,
Total Lipid Phosphorus 1878 | 18461 2144 2071 1824 2000
Lecithin 1247 | 1150 | 1457| 1321 1237| 1287
Phosphatidyl Ethanolamine 6.4 67.6 60.7 67.5 37.8} 44,2
Phosphatidyl Serine 11.8! 26.0] 29.41 21.8 15.0 11,2
Cardiolipin 19.5| 31.6 33.9] 40.8 20.8] 19.4
Phosphatidic Acid 8.81 18.11 15,91 11.6 12.0| 10.4
Phosphatidyl Glycerol 23.5! 28.31 18.9! 135.4 40,5} 53.2
Phosphatidyl Inositide 89.0 1 101,21 96,3] 126.1 93.9| 92.6
Cyclic Glycerophosphoric Acid 97.31 101.41 109.6! 93.8 82,1} 121.0
Inoraanié Phosphate 11.5 7.0 14.2 13.3 6.4 19.0
X
2 17,3 24,7| 17.8]| 34.6 19.9] 16.8
Alkali Labile Unknowns 165 15.9 3319 331.8 22.3 2,8
Choline Plasmalogen 34.0! 40.8] 34.9] 4l1.6 39.6] 44.4
Ethanolamine Plasmalogen 17.1 14.4 17.4 11.6 15.5 22.8
Serine Plasmalogen 14.1 13.3 11.2 7.9 19.7 9.0
Uniinown Plasmalogen 3.6 10.0 9.2 5.8 6.9/, 6.6
Sohi .
phingomyelin 266.8) 219.7| 243.8] 248.6 151.4] 261.6
Acid Labile Unknowns 10.3] 20 18.9! 18,2 25.7] 16.4
Alicyl Ethers 48.6] 49.9) 30.7] 48.5 74.6] 60.8
Cortisol 15,0 12.5) 14,2 7.5 11.6 | 15.6
Corticosterone 67 39 56 29 43 49
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COMPARISON OF DIURNAL VARIATION AND ACCELERATION STRESS
d ON PLASMA PHOSPHOLIPID LEVELS

§F IS
Subject: PA 18 Pt < Pod O
CF/ o5/ S5/ o8 ¢ &

o @ v o & & y &
o /L) S S & 4

VY V) XS X &

X
8:00 9:30 1300 1530 efore ! After |

Phospholipid ¥M H/liter plasma

Total Lipid Phosphorus 2035 ] 1904 | 2036 2179 2109 | 1764
Lecichin 1356 | 13371 1272 13ss 1364 | 1097
Phosphatidyl Ethanolamine 2. 6l s31.5% 47.0| 65.6 40,5] 37.2
Phosphatidyl Serine 3%.0) 22,21 19.1! 25,5 12.9¢ 12,7
Cardiolipin %.6! 18,21 33.4)1 29.9 32,91 15.7
Phosphatidic Acid 18.1 7.8 14.9| 20.0 15.6| 26.3
Phosphatidyl Glycerol 18§ 26.1 31.8 36.6 32.7 54,2
Phosphatidyl Inositide 88.91 69.1!108.7! 93.3 104.21 70.6
Cyclic Glycerophosphoric Acid 93,01 83.61 102.8] 109.6 98.1] 81.1
Inorj’glanj‘c Phosph&te 9.4 1807 1306 1307 8t0 l"l
X2 19.3] 20.4] 20.8] 21.1 15.6| 16.2
Alkali Labile Unknowns 26 1 13.1 28.9 18.3 20.2 9.0
Choline Plasmalogen 36,2 21,01 37.31 37.5 62.6| 44.6
Ethanolamine Plasmalogen 13.6| 11.1) 27.3] 18.7 17.5( 19.4
Serine Plasmalogen 8.3 2.7 6,31 15.5 6.5{ 13.2
Unknown Plasmalogen 7.7! 11.1! 18.1] 10.2 4.0f 15.2
Sphingomyelin 236.2| 242.3| 307.3| 331.0 304.7| 268.3
Acid Labile Unknowns 12,6 24.0f 22.8] 30.5 16.7| 21.5
Alkyl Ethers 55.4! 36.0{ 27.3] 50.8 53.6] 39.7

Cortisol 16.3 12. 9.0 6.9 12.4 12.0

Corticosterone 61 .29 .07 ' .08 228 .52
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COMPARISON OF DIURNAL VARIATION AND ACCELERATION STRESS
ON PLASMA PHOSPHOLIPID LEVELS

First Day Sec
SuLjsct: OL 1% . N s >
v «;r Q? %, &5 4: &
Q§ 5/ & ér Qy é? §>éf a? é?
SE /S )TN )OS & <
v
I n:00 9:30 1300 1530 BeforelAfter
Phospholipid pM P/liter plasma
Total Lipid Phosphorus - - 2902 | 2784 2588 | 2752
Lecithin - - 1886 | 1719 1772 1911
Phosphatidyl Ethanolamine - - 59,21 49.8 53.3 sgqu
Phosphatidyl Serine - - 32.5] 28.3 27.4) 22,6
Cardiolipin - - 35,1 36.5 33.6] 25.1
Phosphatidic Acid - - 14.5| 1lost 10.9) 23.7
Phosphatidyl Glycerol - - 34.8] 26.9 21.5! 56.7
Phosphatidyl Inositide - - 181,1 lost 82.3 54.0
Cyclic Glycerophosphoric Acid - - 125.1] 1lost 106.6) 70,5
Inor.anic Phosphate - - 22.1 lost 20.2 19.3
X2 - - 27.9| loat 20.2] 25,1
Alkali Labile Unknowus - - 31.6| lost 27.4] -16.8
Choline Plasmalogen - - 48,2 50.1 44.5 44.91
Ethanolamine Plasmalogen - - 31.61 27.1 16.3 22.6
Serine Plasmalogen - - 6.7 19.8 6.5| 19.3
Unlinown Plasmalogen - - 15.4) 14.7 13.7] 18.7
Sphingomyelin - - 433,01 480,.6 390.2; 417.8
Acid Labile Uniknowns - - 18,31 28.2 17.6] 16.8
Alkyl Ethers - - 58.6| 34.0 47.9| 51.8
Cortisol 17.0 9.8 23.1 12,1
Corticosterone 261 246 1.05 .38
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COMPARISON OF DIURNAL VARIATION AND ACCELERATION STRESS
ON PLASMA PHOSPROLIPID LEVELS

First Day Second Day
o <
Subject: MH 20 5’ & S o >
@ i? a-ﬁy S 35;3 é? 6?

¢§4y & Jféy > .9 > o

¥ < < <o ¥ ¢ &

X X
$:00 ] 9:30 [ 1300} 1530 ore | After |

Phospholipid uM B/liter hlasma

Total Lipid Phosphorus - - - - - 18241 1981
Lecithin - - - - 1144 1292
Phosphatidyl Ethanolamine - - - - 30,3] 39.4
Phosphatidyl Serine - - - - 11.3 18.8
Cardiolipin - - - - 21.5 14.7
Phosphatidic Acid - - - - 12.8 17.2
Phosphatidyl Glycerol - - - - 30.3| 44.7
Phosphatidyl Inositide - - - - 114.4] 100.2
Cyclic Glycerophosphoric Acid - - - - 96.8. 57.8
Inorganic Phosphate - - - - 17.5/ 16.8
X2 - - - - 22,3| 18.8
Alkali Labile Unknowns - - - - 22.3 19.6
Choline Plasmalogen - - - - 42.0 37.8
Ethanolamine Plasmalogen - o - - '26.8] 14.1f
Serine Plasmalogen - - - - 13.0l 19.6
Unknown Plasmalogen - - - - 18.1 11.1
Sphingomyelin - - - - 246.0| 292.0

Acid Labile Unknowns - - - - 15_6> 19,
Alkyl Ethers -1 - - - 35.9  47.7
Cortisol il - - = 4.7 21.8
Corticosterone - - - - .5 2.03
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COMPARISON

OF DIURNAL VARIATION AND ACCELERATION STRESS
"ON PLASMA PHOSPHOLIPID LEVLES

First Day Second Day
& 9
Subject: JON 21 & & A Pod N
o/ & o ¥ g /&

SF)8F /85 /S8 > )&

:?1? Logig < 5 S é? &

A ) YN /& v N

! 8:00 | 9:30 1300 ] 1530 efore | After

Phospholipid _uM B/liter plasma

Totalgklpid Phosphorus - - - - 2019 2190
Lecithin - - - - 1410! 1271
Phosphatidyl Ethanolamine - - - - 28.5| #7.0
Phosphatidyl Serine - - - - 14.9 25,1
Cardiolipin - - - - 18.4] 21.5
Phosphatidic Acid - - - - 11.5{ 22.3
Phosphatidyl Glycerol - - - - 27.3] 63.1
Phosphatidyl Inositide - - - - 60.0] 135.1
Cyclic Glycerophosphoric Acid - - - - 85.0L 115.0
Inorzanic Phosphate - - - - 7.3] 16,4
X2 - - - - 14.9] 28.5
Alkali Labile Unknowns - - - - 20,0, 25.4
Choline Plasmalogen - - - - 42,6/ 45.8
Ethanolamine Plasmalogen - - - - 11.7) 22.8
Serine Pltlma}gggp - - - - 13.5| 12.9
Unknown Plasmalogen - - - - 6.3 9.2
Sphingomyelin - - - - 269.5 325.0
Acid Labile Unknowns - - - - 20,0, 19.9
Alkyl Ethers - - - - 54,3! 175.3
Cortisol - =~ = ~ 1.4, 8,0
Corticosterone i = - - . L5
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